on behalf of the Zwolle myocardial infarction study group Abstract Aim: Poorer outcomes in women with ST-elevation myocardial infarction (STEMI) are often attributed to gender differences in baseline characteristics. However, these may be age dependent. We examined the importance of gender in separate age groups of patients with STEMI undergoing primary percutaneous coronary intervention (PPCI). Methods and results: Data of 6746 consecutive patients with STEMI admitted for PPCI between 1998 and 2008 in our hospital were evaluated. Age was stratified into two groups, <65 years (young group) and ≥65 years (elderly). Endpoints were enzymic infarct size as well as 30-day and 1 year mortality. We studied a total of 4991 (74.0%) men and 1755 (26.0%) women; 40% of women were <65 years and 60% of men were <65 years of age. In the elderly group (≥65 years), women had more frequently diabetes and hypertension while they smoked less frequently than men. Younger women smoked more often than similarly aged men and had more hypertension. At angiography, single-vessel disease and TIMI 3 flow before PPCI was more present in younger women than men, whereas these differences were not found in the older age group. Patient delay before admission was shorter in men at all ages, while women had lower creatine kinase levels. Younger women had a higher mortality after 30 days (HR 2.1, 95% CI 1.3−3.4) and at 1 year (HR 1.7, 95% CI 1.2−2.6), whereas in the older age group women mortality rates were higher at 30 days (HR 1.5, 95% CI 1.1−2.0) but not at 1 year (HR 1.2, 95% CI 0.9−1.5). After multivariate analysis, 1-year mortality remained significantly higher in women at younger age (HR 1.7, 95% CI 1.1−2.5). Patient delay before admission was shorter in men in both age groups. Creatine kinase levels were in both age groups higher in men. Conclusions: Differences in mortality between men and women with STEMI treated with PPCI are age dependent. Although young women have less obstructive coronary artery disease and more often TIMI 3 flow before PCI (suggesting a lower risk), survival was worse compared to similarly aged men. Women had a longer patient delay compared to men, but this was not related to gender-specific mortality.
Introduction
Over the past decade, several reports on gender differences in prognosis after primary percutaneous coronary intervention (PPCI) in ST-segment elevation acute myocardial infarction (STEMI) have revealed conflicting results. [1] [2] [3] [4] [5] [6] Higher in-hospital mortality in women was often attributed to a longer patient delay before admission, older age, a higher clustering of cardiovascular risk factors, lower use of invasive and medical treatment, and more bleeding complications after interventions. [6] [7] [8] [9] [10] [11] [12] [13] Remarkably, especially in the younger age groups, women had a worse outcome compared with age-matched men. [14] [15] [16] [17] [18] This may be related to a variety of factors such as gender differences in plaque composition, differences in thrombotic activity, and a higher prevalence of microvascular disease in younger women. [19] [20] [21] [22] However, as most previous studies did not stratify into age groups, it is less clear whether these gender differences in prognosis after STEMI are age dependent. Some studies did stratify on age but included patients with both STEMI and non-STEMI, representing a heterogenous population with acute coronary syndrome. 6, 23 In our present study from the Zwolle Myocardial Infarction Study Registry, we compare outcomes between women and men with STEMI, all referred for PPCI, within two different age groups.
Methods

Population
From January 1998 to January 2008, individual data from all STEMI patients who were considered for PPCI at our centre, were prospectively recorded in a dedicated database. Patients were diagnosed with STEMI if they had chest pain longer than 30 minutes and ECG changes with ST elevation greater than 2 mm in at least two precordial leads or greater than 1 mm in the limb leads. Cardiac biomarkers were elevated in all patients. According to the protocol, all patients received 500 mg aspirin and 5000 IU heparin intravenously before the PPCI procedure. Primary PCI was performed using standard techniques, if the coronary anatomy was suitable for intervention. Success rate of the procedure was assessed according to TIMI 24 classification, in which a grade 3 blood flow within the infarct related artery and a myocardial blush grade 25 2 or 3 were considered to be adequate. The classification for bleeding (major and minor) was used according to the definition of the TIMI study group. Where appropriate, patients were treated with drug therapy, including aspirin, clopidogrel, heparin, beta-blockers, ACE, angiotensin-converting enzyme (ACE) inhibitors, and lipidlowering medication. Glycoprotein IIb/IIIa inhibitors were used according to the discretion of the treating cardiologist.
Laboratory measurements
According to the hospital protocol, blood sampling for creatine kinase (CK) and CK-MB levels was done at baseline and 8, 16, and 24 hours after PPCI. Infarct size was also estimated according to measurements of cumulative enzyme activities using lactate dehydrogenase (LDH) as the reference enzyme, as we have previously described in detail. 26 
Data collection
Data were divided into four groups according to gender and age <65 years and ≥65 years. Information on demographic parameters, risk factors, laboratory values, angiographic variables, and medication was derived from the patient files. Follow-up information was obtained from the outpatient files, the general physicians, or by direct telephone interview with the patients and was prospectively obtained using pre-defined time intervals of 30 days and 1 year with telephone interviews performed by independent research nurses, who were not involved in patient treatment. MACE was defined as the combination of death, myocardial infarction (MI), percutaneous coronary intervention (PCI), and/ or coronary artery bypass surgery (CABG). Recurrent MI was diagnosed when there was 50% increase of CKMB from a previous peak value, followed by a subsequent rise to a level exceeding the upper limit during hospital stay or recurrent hospitalization with the diagnosis MI. Bleeding was defined as intracranial or overt bleeding with a decrease of haemoglobin ≥3 g/dl (≥1.9 mmol/l) or >10% decrease in haematocrit within 48 hours, and, if a bleeding site was not identified >4 g/dl decrease in haemoglobin or >12% decrease in haematocrit within 48 hours.
Statistical analysis
Statistical analysis was performed using SPSS version 18.0 (SPSS, Chicago, IL, USA). Continuous data were expressed as median and interquartile range and categorical data as number and percentage, unless otherwise indicated. Tests for significance were two-sided, with an α of 0.05. Cox proportional hazard regression was performed to estimate hazard ratios for mortality. Proportional hazard assumption was evaluated both graphically as with the Schoenfeld residual. 27 As proportional hazard assumption was not respected for gender, Killip class >1 and multivessel disease in the older age group, we therefore employed a timedependent covariate. Mortality was reported with hazard ratio (HR) and 95% confidence intervals (CI). Baseline characteristics with a p-value of <0.1 and significantly values in the different age and gender groups with univariate analysis were analysed with stepwise regression and included in the final multivariate model. We limited the variables to four per group to prevent overfitting. Variables in the multivariate model were age, multivessel disease, Killip class, and hypertension. Medication use was analysed using landmark analysis at discharge and 30 days. Gray's test was used for analysis of competing risks to analyse re-PCI, re-CABG, and re-MI with mortality as a competing event. 28
Results
Data from 6746 patients with STEMI who underwent a PPCI between 1998 and 2008 in our hospital were evaluated, consisting of 4991 (74%) men and 1755 (26%) women. Baseline characteristics for men and women in age groups of <65 years (young) and ≥65 years (elderly) are presented in Table 1 ; 40% of the women were <65 years old and 60% of the men were <65 years old.
Hypertension was more prevalent in women within both age groups than in men. In younger women, a positive family history and current smoking were significantly more present, while at older age women had more hypertension and diabetes. In both age groups, total ischaemic time and patient delay before hospital admission were significantly longer in women, whereas there was no gender difference in in-hospital delay from admission to first balloon inflation. Angiographic data showed less obstructive coronary artery disease in younger women compared with younger men, with a higher TIMI 3 flow at angiography and a lower CK release (Table 2 ). In the older age group, the occurrence of multivessel disease and TIMI-3 flow before PPCI were not significantly different between men and women. The TIMI flow and blush grade 3 post PPCI was not significantly different between men and women.
Overall, mortality at 30 days (HR 2.1, 95% CI 1.6−2.5) and at 1 year (HR 1.6, 95% CI 1.3−1.9) was higher in women than in men. The median duration of follow up in the younger group was 403 (396−409) days and in the older group 395 (389−400) days. The missing patients at 1 year in the younger group were 36 women and 187 men and in the older group 73 women and 146 men. At 1 year, 454 patients deceased in the total population. In the younger group 36 women and 87 men died and in the older group 124 women and 207 men died. At univariate analyses, women compared to men in the younger age group had a significantly increased risk of mortality both 30 days (HR 2.1, 95% CI 1.3−3.4) and at 1 year (HR 1.7, 95% CI 1.2−2.6). Mortality at 30 days was also higher in women in the older age group (HR 1.5, 95% CI 1.1−2.0). There was no difference, however, in mortality between both genders at 1 year (HR 1.2, 95% CI 0.9−1.5) (Table 3, Figure 1 ). At univariate analysis common predictors for mortality in elderly men and woman were age, Killip class, and previous history of cerebrovascular accident. In the younger age group, adverse predictors were age, Killip class, and the presence of multivessel disease. Hypertension was a common predictor for mortality in elderly women and in young men. Multivariate analyses, adjusting for multivessel disease, Killip class, age, and hypertension confirmed these findings in the younger age group (HR 1.7, 95% CI1.1−2.6). In the older age group, the hazard ratio for 1-year mortality was comparable in women and men (HR 1.0, 95% CI 0.8−1.4) ( Figure 2 ). In the model with age and gender as an interaction term, 1-year mortality remained significant (HR 0.97, 95% CI 0.95−0.99). Re-MI, re-PCI, and re-CABG were analysed with the Gray's test for comparison of cumulative incidence curves between men and women for 30-day and 1-year mortality. Mortality remained significant between men and women in both age groups at 30 days and in the younger group at 1 year.
Medication use at various time intervals is depicted in Table 4 . Women were using more often insulin and diuretics at discharge, except in the younger age group. The use of aspirin, beta-blockers, statins, and ACE inhibitors was comparable in all 12 subgroups, except for higher rates of ACE inhibitors use at discharge in elderly men. Clopidogrel has been routinely used in our hospital since 2004. Its use in the acute phase was comparable between women and men in both age groups. Also glycoprotein IIb/IIIa inhibitor use in the acute phase was comparable between women and men in both age groups (Table 4) .
Of the 367 patients in our study who initially received conservative treatment, 102 patients had non-obstructive coronary artery disease and 23 patients were treated with PCI during the same hospitalization. In two patients it was not possible to pass the wire through the stenosis whereas in three patients, the PCI was performed after several days, after an initially conservative approach. One patient had an older infarction and PCI was performed after demonstrating residual ischaemia by non-invasive testing. Two patients were referred from other hospitals after conservative treatment for unknown reasons. In 10 patients no culprit vessel was treatable due to too small vessel size and in the remaining five patients no details were available, and 243 patients were treated conservatively because PCI was not indicated.
Discussion
In our present study in patients with STEMI, treated with PPCI, we found that 1-year mortality was higher in women than in men in the age group <65 years. Whereas in the older age group mortality was higher at 30 days in women, there was no gender difference at 1 year. Several other single-centre and multicentre studies have shown higher in-hospital mortality rates in women compared to men. These differences are often attributed to their higher age and clustering of more CV risk factors. [9] [10] [11] In some studies, gender differences in treatment and higher rates of inhospital complications in women are considered as possible causes for their higher mortality rates. 5, 10 In our study, we found that differences in mortality between women and men persisted after correction for confounders by multivariate analysis. Treatment strategies in the acute setting were standardized and therefore comparable between both genders. It is alarming, however, that, although younger women had a lower risk profile at baseline, with more TIMI 3 flow before PCI and less multivessel disease, they had a higher mortality than similarly aged men. There may be several explanations for this adverse prognosis in women. First, despite their increased mortality rates at 30 days and at 1 year, younger women undergo less often a re-PCI than men (Table 3) . Almost half of all re-PCI procedures were performed within the first 30 days, in which time most gender-related mortality differences are also seen. With our data, we cannot demonstrate whether the lower number of re-PCIs in younger women has had prognostic importance, and this should be examined carefully in future studies. The total enzymatic infarct size (as measured by CK) was lower in young women compared to similarly aged men. We found no gender differences in LDH values within both age groups. This may partly be related to the usually smaller body weight in women, although detailed information on body mass index is lacking in our study. Further, since women have a longer patient delay in both age groups compared to men and therefore hypothetically present more often after the peak of the CK levels (2−12 hours), this may possibly have resulted in lower CK levels. Secondly, because men have a shorter patient delay, they are more likely to be discharged before the peak LDH levels (24−48 hours) as most patients were discharged shortly after the CK peak. It is noteworthy that longer patient delay in women may be related to the absence of chest pain. However, patient delay was not a strong predictor for gender-specific mortality neither in a recent large study 29 nor in our study. In our study cohort, we have no data on type of chest pain/discomfort.
Our present findings confirm the existence of the so called 'gender paradox' in young women with STEMI. 13, 14, 30 Several mechanisms may be involved to explain this phenomenon. First, we found important gender differences in baseline characteristics within the younger age group with a higher percentage of current smokers in women (67%) in comparison with men (60%). Smoking increases the risk of an acute MI relatively more in young women than in young men. 31, 32 Cigarette smoking increases oxidative stress and promotes the release of vascular inflammatory markers leading to a decrease in endothelial function. 33 This counteracts the protective vasodilating effects of endogenous oestrogens in women before menopause. 34 Although data are lacking in our cohort on the percentage of women that were using oral contraceptives, its use is common in premenopausal women in the Netherlands and also enhances the risk of arterial thrombosis and MI. 35, 36 In contrast, the use of hormone replacement therapy after menopause is rare in our country. In addition, data on previous gynaecology operations, endogenous oestrogen status, or menopausal status are lacking in our patients while this has shown to be relevant in women. 37 Evidence is increasing that hysterectomy, especially before the age of 50 years, interferes with an increased risk of cardiovascular disease. 38 Gender-related differences in the pathophysiology of STEMI in women at younger age may also increase mortality. At younger age, the occurrence of plaque rupture with subsequent thrombosis is more common in men, while plaque erosions with microvascular embolization are relatively more frequently reported in women. [19] [20] [21] In pathology studies, it is shown that erosive plaques have a lower degree of critical stenosis with a greater maturation of thrombus material compared to ruptured plaques, especially in younger women. 19, 39 Furthermore, if plaque ruptures occur, they are more related to thrombus formation in women than in men. 40 Women exhibit acute coronary syndrome with open coronary arteries more frequently than men. 41, 42 Non-obstructive coronary artery disease with microvascular dysfunction and abnormal coronary reactivity may also be relatively more important in women with STEMI and affect prognosis negatively. 43 In our study, TIMI-flow post PPCI and myocardial blush grades, as indicators of reperfusion, were comparable between women and men in both age groups. This is in concordance with data from previous studies. 44 We found that main gender differences in medication use after STEMI were higher rates of insulin and diuretics use in women. This can be explained by the higher prevalence of hypertension and diabetes mellitus. Limitations are that our patients were included during a 10-year time period in which PPCI procedures and medication given during this procedure were due to some changes. Also, although clopidogrel was prescribed for 1 year in all patients, we do not have detailed information about eventually discontinuation of clopidogrel, and we can not exclude that discontinuation may have affected late stent thrombosis and re-MI. 45, 46 In conclusion, in our singlecentre cohort with STEMI patients, we found that younger women have a higher mortality than similarly aged men, despite the presence of less obstructive coronary artery disease and better TIMI 3 flow before PCI. More data are needed to explain these differences to improve prognosis in younger women.
